Introduction
A large shallow earthquake occurred on April 5, 1990 just beneath the Mariana trench where the Pacific plate is subducting beneath the Philippine Sea plate. This is the largest shallow event ever recorded in the region; the last event with a similar magnitude was on September 22, 1902 with Ms = 7.5 [Abe and Noguchi, 1983] . Since that event is very old for studying the focal mechanism, the 1990 Mariana earthquake provides us with a good opportunity to study the seismotectonic characteristics of this region. In this paper, we analyze waveform data to estimate the source process. This earthquake also caused a tsunami that was observed on the Japanese is- The epicentral data suggest that the Mariana earthquake is an outer rise earthquake which is defined as an earthquake originated within the subducting plate in the vicinity of the trench axis. In the Mariana region, the Pacific plate is aseismically subducting beneath the Philippine Sea plate without causing large underthrusting earthquakes at the plate interface. This results from the weak coupling between the downgoing and overlying plates. In such uncoupled subduction zones, the outer rise earthquakes generally possess normal-fault type mechanisms with their tensional stress axes nearly perpendicular to the trench strike [Christensen and Ruff, 1988] . It is very intriguing whether the Mariana earthquake is one of such tensional outer-rise events in an uncoupled subducfion zone.
Main Shock and Aftershocks
The hypocenter parameters of the 1990 Mariana earthquake given by N'EIC are: origin time 21:12:35.5 on April 5 (UT), epicenter 15.125øN, 147.596øE, depth 11 km, and Ms 7.5. The location of the main shock is shown in Figure 1 with the 3-day aftershock distribution. The main shock is located just beneath the trench axis. An accurate estimate of focal depth from teleseismic data is generally difficult and the focal depth of the main shock was constrained to be 11 km by NEIC. The following analysis of surface and body waves supports this shallow origin. The T-phase was clearly recorded at Chichijima Island, 1400 km from the epicenter, and this observation is consistent with the shallow origin.
The NE!C locations of aftershocks extend as long as 70 km along the trench and the depth down to 46 km that is determined from depth phases. For more reliable locations, we applied a master event relocation method for arrival time dam from common stations. The largest aftershock is selected as a The pP phases were reported on NEIC for 14 aftershocks. The pP-P times range from !0 to 15 sec. Since the sea depth in the epicentral area is 5 km or so, it is probable that pwP phases were misread to pP phases. We consulted seismograms recorded at Dodaira Micro-earthquake Observatory and The dip of the westward dipping plane is 30 ø . Though the solution is very similar to that obtained by Harvard and GEOSCOPE groups, the uncertainty is not small because of difficulty in determining the dip angle for shallow events. We 
Body Wave Analysis
For body wave analysis, we used P and SH waves recorded at 13 stations at epicentral distances ranging from 300 to 100 ø. The arrival times were read directly on the broadband channel. All the records were deconvolved to displacements.
We applied a multiple deconvolution method developed by Kikuchi and Kanamori [ 1991] . By minimizing the difference between the observed and synthetic waveforms, we determined the mechanisms of subevents. For the computation of Green's functions, we assumed a structure consisting of a water layer 5 km thick and an oceanic crust 10 km thick near the source region. 
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